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(54) Composite materials having thiol groups 

(57) A composite material having thiol groups comprises a rigid support material. 

The composite material may comprise a deformable gel (eg agarose) having thiol groups retained 
within the pore structure of a porous rigid support material (e.g. Kieselghur). 

The particles of composite material are used to prepare a radioactive gold isotope from a mercury 
"parent" isotope. 
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SPECIFICATION 

Improvements in or relating to materials 

5 The present invention relates to materials and 
particularly to composite materials. 

According to one aspect of the present 
invention there is provided a composite ma- 
terial having thiol groups comprising a rigid 

1 0 support material having thiol groups. 

Preferably the composite material having 
thiol groups comprises a material having thiol 
groups retained within the pore structure of a 
porous rigid support material. 

1 5 Preferably the material having thiol groups 
is, or is part of, a deformable gel and the 
composite material comprises the deformable 
gel retained within the pore structure of a 
porous rigid support material. 

20 By "deformable gel" we mean a gel which 
itself is a non-rigid substrate (e.g. a xerogel). 
Such deformable gels include organic poly- 
meric materials. An example of such organic 
polymeric materials is a polyol (e.g. a syn- 

25 thetic polymer gel of polyvinyl alcohol or a 
polysaccharide gel (such as agarose gel or a 
cellulose gel)). 

As used in this Specification "thiol groups" 
embraces precursors convertible thereto by 

30 methods known in the art, and derivatives 
thereof obtainable by methods known in the 
art. 

I n one embqd i m e n t thiol g rou ps may Jbe !__ 
attached to a deformable gel (e.g. a polyol) by 

35 a short methylene chain. For example thiopro- 
pyl groups may be attached to a polyol. 

Preferably the porous rigid support material 
is in the form of discrete porous particles. For 
example the porous rigid support material 

40 may be in the form of discrete porous par- 
ticles having inerconnected porosity such as 
may be prepared by a method as claimed in 
any one of claims 1 to 9 or claim 1 5 of 
British Patent Specification No 1421531 

45 (UKAEA) (to which US Patent 3943072 cor- 
responds). Examples of such particles are dis- 
crete porous particles of inorganic oxides such 
as Ti0 7 and Al 2 0 3 and discrete porous par- 
ticles of natural earths such as Celite (Trade 

50 Mark) and Kieselguhr). 

The term "aeogel" has been used in the art 
to describe a rigid, preformed matrix contain- 
ing pores and this term and the term "xero- 
gel" are discussed in "An Introduction to 

55 Permeation Chromatography" by R. Epton 
and C. Hollway issued by Koch-Light Labora- 
tories Limited. 

According to another aspect of the present 
invention there is provided a method for pre- 

60 paring a composite material of a deformable 
gel having thiol groups retained within the 
pore structure of a porous rigid support ma- 
terial comprising introducing a precursor for 
the gel into the pore structure of a porous 

65 rigid support material and treating the precur- 
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sor to form and retain the deformable gel in 
the pore structure. 

It will be appreciated that the majority of 
the gel will be present in the internal pore 
70 structure of the porous rigid support material, 
but also it should be noted that some gel may 
be formed on the surface of the support 
material* 

The present invention also provides a 
75 method for preparing a composite material of 
a deformable gel having thiol groups retained 
within the pore structure of a porous rigid 
support material, which method includes the 
steps of treating an inactive deformable gel 
80 (as hereinafter defined) retained within the 
pore structure 6f a porous rigid support ma- 
terial to provide the inactive deformable gel 
with thiol groups. 

By "inactive deformable gel" we mean a 
85 deformable gel having no useful thiol groups. 
The inactive deformable gel can be treated to 
provide it with thiol groups by modifying the 
inactive gel or by adding thiol groups thereto. 
Where the thiol groups are part of a defor- 
90 mable gel, it will be appreciated that other 
constituents of the deformable gel in the fin- 
ished composite material should not, in gen- 
eral, have properties which interfere with the 
thiol groups. 
95 An example of a composite material in 

accordance with the present invention is dis- 
crete particles of Kieselguhr containing an 
agarose ge[ which hasjbeen treated such that 
the agarose gel has thiol groups^ Composite 

1 00 materials in accordance with the present in- 
vention may find application in the recovery of 
chemical species from fluid; for example in 
one application a composite material in accor- 
dance with the present invention may be used 

105 in the recovery of heavy metals (e.g. Hg, U, 
Pb and Cd) from aqueous solutions (e.g. for 
detoxification, purification, recovery purposes 
or analysis). 

A composite material in accordance with 

110 the present invention may also find applica- 
tion in the production of radioactive isotopes 
(e.g. gold isotopes). Thus, a mercury "par- 
ent" isotope may be held on a composite 
material having thiol groups and the gold 

115 "daughter" isotope eluted by a suitable reag- 
ent. Reference may be made to copending 
Application No. (Agent Reference) 13454 
M1R (UKAEA) of even date in relation to the 
production* of a gold isotope in this manner. 

1 20 . Other examples of applications of composite 
materials in accordance with the present in- 
vention are protein recovery or immobilisation 
(e.g. by oxidative coupling with thiol groups). 
In view of the foregoing statements in this 

125 specification it will be appreciated that where 
a deformable gel is used the porous rigid 
support material provides a rigid "skeleton" 
having dimensional stability as a support for 
the non-rigid deformable gel. Thus deformable 

1 30 gels which have, or can be treated to have, 
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thiol groups, but which are difficult or incon- 
venient to handle because of their non-rigid 
nature (e.g. hydrogels which will undergo 
dimensional changes when subjected to pres- 
5 sures normally found in column operation 
(e.g. up to ~ 3 atmospheres) and deform to 
cause increase in back pressure), are incorpor- 
ated into a composite material of the present 
invention which, due to the rigidity imparted 

10 by the porous rigid support material "skele- 
ton", can be handled and used more easily. 

Thus where the composite material com- 
prises, for example, porous discrete particles 
with a deformable gel retained therein the 

t 5 composite materials can be loaded into, and 
used, conveniently in column systems. 

It has been found that if deformable gels 
having thiol groups are retained in accordance 
with the invention in discrete porous particles 

20 (for example porous particles of a natural 
earth such as Celite or Kieselguhr made by a 
method as claimed in our British Patent Speci- 
ficiation No 1421531 hereinbefore men- 
tioned) the composite materials comprising 

25 deformable gel, having thiol groups and rigid 
support materials possess desirable properties. 
Thus the particles of composite material tend 
to settle readily in aqueous media and can be 
used to form columns having good flow pro- 

30 perties. Also the particles of composite ma- 
terial tend to be stable and not liable to 
release "fines". 

The particles of composite material there- 
fore may be, for example, introduced into 

35 columns and used to remove chemical species 
from solution. 

Examples of porous rigid support materials 
suitable for use in forming composite ma- 
terials in accordance with the present inven- 

40 tion are disclosed in British Patent Specifica- 
tion No 1421531 hereinbefore mentioned. 
For example, using one type of the discrete 
porous particles disclosed therein discrete po- 
rous particles of composite material have been 

45 prepared comprising porous rigid particles of 
Kieselguhr having retained therein a deforma- 
ble gel having thiol groups. 

Discrete porous particles as disclosed in 
British Patent Specification No 1421531 and 

50 being of materials other than Kieselguhr may, 
of course, be used in accordance with the 
present invention. 

A number of methods may be used to 
prepare an inactive deformable gel in the pore 

55 structure of the porous rigid support material 
prior to treating to provide the gel with thiol 
groups. 

Thus according to the one embodiment of 
the present invention a precursor for an inac- 

60 tive deformable gel is introduced into the pore 
structure of the porous rigid support material 
in solution and the solution in the support 
material is subsequently treated with a precipi- 
tating agent to cause precipitation of a gel 

65 from the precursor solution. The gel can be 
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subsequently treated to provide thiol groups. 

According to a further embodiment of the 
present invention a precursor for an inactive 
deformable gel is introduced into the pore 
70 structure of the porous rigid support material 
in solution and the solution in the support 
material is subsequently cooled to cause gela- 
tion and formation of a gel from the precursor 
solution. 

75 The gel can be subsequently treated to 

provide thiol groups. 

An example of gelation by cooling is the 

cooling of an agarose solution to <35"C to 

give a stable hydrogel. 
80 Examples of precipitation reactions which 

may be used in carrying out the method of 

the present invention are: 

(i) the regeneration of celluloses or cellulosic 
ion exchangers from solution of the corre- 

85 sponding xanthates (e.g. by decomposition of 
the xanthates of cellulose, DEAE-cellulose or 
CMC-cellulose by aqueous mineral acids); and 

(ii) precipitation of acidic polysaccharides 
with acid or calcium salts. 

90 In another embodiment of a method in 

accordance with the present invention a pre- 
cursor can be introduced into the pore struc- 
ture of the porous rigid support material and 
subsequently polymerized to form a polymer 

95 gel in the pore structure (e.g. acrylic acid 
derivatives may be introduced to the pore 
structure and subsequently polymerized to 
give gels of polymers and co-polymers of the 
derivatives) (e.g. acrylamide or an acryloyl 
1 00 cysteine). The polymer gel may be treated as 
necessary to provide thiol groups. 

In a further embodiment of the invention 
cross-linking of the precursor can be used to 
form a gel. 

105 The cross-linking may be carried out with a 
chemical cross-linking chemical agent by dif- 
fusing the agent into the pore structure in 
order to react with the precursor. It is very 
desirable to carry out the cross-linking under 

110 conditions such that significant quantities of 
the precursor cannot diffuse out of the porous 
rigid support material whilst the cross-linking 
agent is diffusing into the porous rigid support 
material. This can be achieved by temporarily 

115 retaining the precursor in the support material 
(e.g. by precipitation) to hold it available in 
the pore structure thereof for cross-linking and 
subsequently treating the temporarily retained 
precursor to cross-link it. It will be appreciated 

120 that by "temporarily retaining the precursor" 
we mean that the precursor is "localised" in 
the pore structure of the support substantially 
to prevent it diffusing out as the cross-linking 
agent diffuses in. Where the precursor has 

125 been introduced to the porous material in 
aqueous solution precipitation can be 
achieved, for example, by contacting the 
aqueous precursor solution with a water misci- 
ble organic solvent (e.g. acetone) capable of 

130 removing wat*r from the aquoous solution 
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thereby to precipitate precursor in the pore 
structure. 

For example DEAE-dextran, polysaccharides 
and neutral poiyols can be precipitated from 
5 aqueous solution using acetone as the water 
miscible organic solvent and cross-finked by 
use of epichlorohydrin. Examples of sub- 
stances which can be used to produce a 
deformable gel in a composite material in 

1 0 accordance with the present invention by pre- 
cipitation and cross-linking are dextran sul- 
phate, CMC-cellulose, acrylamide, agarose 
and P.V. alcohol. 

Cross-linking agents for use in accordance 

1 5 with the present invention can be, for 

example, epichlorohydrin, bis expoxides, or 
dihalo compounds for poiyols and, for 
example, dialdehydes for proteins. 

Where the precursor, precipitation mecha- 

20 nism and cross-linking agent are such that the 
cross-linking of the precursor to form the gel 
is slow in comparison with the rate of precipi- 
tation, the precursor and cross-linking agent 
can be introduced into the pore structure of 

25 the porous rigid support material together in 
one solution (i.e. becuase precipitation will be 
effected before cross-linking occurs). 

In one particular embodiment an agarose 
gel may be formed within the pores of a 

30 porous rigid support material (e.g. fabricated 
Kieselguhr particles), a portion of the hydroxyl 
group may be subsequently derivitised (e.g. 
with epichlorohydrin), sodium thiosulphate - 
may then used to give S-alkyl thiosulphate 

35 agarose and dithiothreitol may then used to 
give thiopropyl agarose in the pores of the 
porous rigid support material. 

In another embodiment a polysaccharide 
gel can be formed in the pores of a porous 

40 rigid support material and thiol groups at- 
tached by cyanogen bromide activation of the 
gel follows by attachment of a multifunctional 
compound containing a thiol ligand (e.g. glu- 
tathione). 

45 In a further embodiment a synthetic thiol 
polymer may be synthesis directly in the pore 
of a porous rigid support material. 

For example. N-acryloyl derivatives of thiol 
compounds such as cysteine can be polymer- 

50 ised or co-polymerised with other acrylates by 
addition polymerisation to give a gel having 
thiol groups. 

By way of further example thiol groups may 
be directly substituted onto a polymer such as 

55 polyvinyl alcohol by reaction with hydroiodic 
acid and thiourea and subsequent hydrolysis. 
Thiolated derivatves can also be prepared 
from amino-styrene polymers via a diazo com- 
pound to give a xanthate and hence a free 

60 thiol substituent. 

•In a further embodiment of the present 
invention thiol groups may be attached di- 
rectly to the surface of an inorganic support 
material using thiolated derivatives of substi- . . 

65 tuted triethoxysilanes. 



As hereinbefore disclosed the majority of 
the gel may be arranged to be present in the 
inernal port structure of the porous rigid sup- 
port material. 

70 Thus in accordance with the invention it is 
possible to produce a composite material in 
which there is the minimum of deformable gel 
outside of the internal pore structure of the 
porous rigid support material. Thus, where the 

75 porous rigid support material is in the form of 
discrete porous particles there is a minimum 
of deformable gel formed between the par- 
ticles, and substantially all of the deformable 
gel formed is retained by the particles with 

80 the majority oi the deformable gel being in 
the internal pore structure thereof so that the 
resulting composite material is in the form of 
discrete particles such as to aid, inter alia, 
handling, column packing and column oper- 

85 at ion. 

Loosely adhering deformable gel may be 
removed from the particles of composite ma- 
terial by washing and, if necessary, mechani- 
cal means, e.g. sieving. 
90 ... To assist in maximising the amount of the 
deformable gel, or inactive deformable gel, 
retained in the pore structure of the porous 
rigid support- material where, in accordance 
with an embodiment of the invention a solu- 
95 tion of precursor is contacted with the porous 
rigid support material to introduce precursor 
into the pore structure, we prefer that the 
volume of the solution of precursor contacted 
with the support material (e.g: by soaking the 

1 00 support material in the solution) is approxi- 
mately equal to the volume required to fill the 
pore structure. It will be appreciated that to 
minimise the amount of deformable gel. or 
inactive deformable gel, formed outside the 

105 pore structure the volume of the solution 

should not exceed the volume required to fill 
the pore structure. 

It will be appreciated that in general the 
viscosity of the solution of the precursor 

110 should be such that it does not prevent up- 
take thereof by the support material (e.g. by 
capillary action). 

Also it is preferred that the volume of any 
reagent solutions used to treat the precursor 

115 in the pores structure to form a gel is not 
substantially in excess of that required to 
immerse the porous rigid support material. 

It will be appreciated that the present inven- 
tion is not limited to composite material which 

1 20 can be used to in aqueous solution and that 
composite materials can be prepared which 
may be used in non-aqueous systems. 

It will be appreciated that the deformable 
gel and porous rigid support material should 

125 be substantially insoluble in fluid substances 
with which they may be contacted in use (e.g. 
solutions containing chemical compounds to 
be sorbed, feed solutions containing proteins, 
and eluting agent solutions). . 

1 30 The invention also provides a composite 
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material having thiol groups whenever pre- 
pared by a method in accordance with the 
invention. 

The invention also provides a composite 
5 material having thiol groups obtainable by a 
method in accordance with the invention. 

British Patent Specification No. 1,421,531 
(UKAEA) discloses and claims, inter alia: 
"A method for producing discrete porous 

1 0 particles for the selective retention of macro- 
molecules from a fluid substance containing 
said macromolecules, said discrete porous par- 
ticles having interconnected porosity through- 
out, which method includes the steps of pre- 

1 5 paring discrete green particles from a mixture 
containing solid particles of a finely divided, 
substantially insoluble, sorptive (as defined in 
the Specification), inorganic material and a 
fugitive additive in solution, said mixture be- 

20 ing formed by mixing said solid particles of 
inorganic material with a fugitive additive and 
a solvent therefor, said fugitive additive being 
for subsequently providing a pore structure in 
the inorganic material and said inorganic ma- 

25 terial being substantially insoluble in the sol- 
vent for the fugitive additive, the preparation 
of the discrete green particles being such that, 
and the fugitive additive being such that, the 
fugitive additive is provided in solid form in 

30 the green particles, and heating the green 

particles to remove fugitive additive therefrom 
and cause sintering of inorganic material to 
give discrete porous particles, the fugitive 
additive and the amount thereof in the green 

35 particles being selected such that the discrete 
porous particles have an interconnected poro- 
sity throughout the discrete porous particles 
providing an extended surface area and the 
pore structure is such as will allow the macro- 

40 molecules to permeate the discrete porous 
particles and be sorbed." and also claims 
discrete porous particles made by the method 
of British Patent No. 1,421,531. 

British Patent Specification No. 1,574,414 

45 discloses and claims, inter alia,: 

"A composite material comprising a plural- 
ity of discrete porous particles of a porous 
rigid support material having a deformable gel 
retained within the pore structure of the par- 

50 tides of porous rigid support material". 

Discrete porous particles (for example those 
fabricated from a finely divided, substantially 
insoluble, sorptive inorganic material by a 
method as claimed in any one of claims 1 to 

55 9 or claim 15 of British Patent No. 

1,421,531) for use in accordance with the 
present invention preferably have a porosity of 
>20% and an interconnected porosity with 
pores 2* 2000 A such as to allow both 

60 deformable gel to occupy the pores. 

"Celite" (Registered Trade Mark) as herein- 
before mentioned is a natural diatomaceous 
earth produced by Johns-Manville Corp. 
It is believed that porous materials, having 

65 dimensional stability such as foam metal and 



plastic foams can be used as porous rigid 
support materials in accordance with the pre- 
sent invention. 

The invention will now be further described, 
70 by way of example only, as follows: 

Example 

Preparation of kieselguhr particles contain- 
ing agarose havng thiopropyl groups 

75 Discrete porous particles of Kieselguhr (fab- 
ricated in accordance with BP 1,421,531 and 
substantially spherical and of 1 50-250 /i dia- 
meter) were filled with a 4% w/v gel of 
agarose (Litex) as follows: 

80 Dry particles of Kieselguhr (50ml) were 

heated to 70'C in an oven and a hot solution 
of agarose (4%, 23 ml) was mixed therewith 
to produce an homogeneous particulate mix- 
ture. This mixture was allowed to cool for 30 

85 minutes and the resulting particles were sus- 
pended in cold water and forced through a 
300 /i sieve to break up any aggregates. 

These discrete particles filled with agarose 
gel (50ml bed volume) were washed with 
90 distilled water and a 1 M aqueous solution of 
sodium hydroxide (40 ml) was added and 
allowed to equilibrate in a reaction vessel. 
Epichlorohydrin (7.5 ml) was added dropwise 
(in a fume hood) with swirling to assist even 
95 distribution to give a suspension. 

An air condensor was fitted to the reaction 
vessel and the suspension heated to 60"C by 
means of a water bath (in a fume hood) for 
1.5 hr with occasional swirling. No oily phase 

100 was evident after approximately 0.5 hr. 

The resulting reaction mixture was allowed 
to cool and the particulate material present 
was filtered out on a No. 1 glass sinter using 
a water pump. 

105 The particulate material was washed with 
water (4 X 50 ml aliquots) and 0.5 phosphate 
buffer (pH 6.3) (4 X 50 ml aliquots). The 
particulate material was resuspended in this 
phosphate buffer (100 ml) and a solution of 

110 sodium thiosulphate added. The resulting sus- 
pension was occasionally swirled and left at 
room temperature for 6 hrs after which the 
particulate material was washed in water on a 
funnel and stored overnight in water. 

115 The particulate material was washed in 

0.1M sodium bicarbonate/ 1 mM EDTA buffer 
and then suspended in 100ml of this buffer. 

A fresh solution of dithiothreitol (0.5 g) in 
ImM EDTA (1 5ml) was added and the result- 

1 20 ing mixture swirled at room temperature. After 
0.5 hr the supernatant was purple. The parti- 
culate material was washed with 0.1M so- 
dium bicarbonate/ 1 mM EDTA/1M NaCI 
(3 X 50ml aliquots) and finally washed with 

125 0.01 M sodium acetate/ 1 M M EDTA buffer 
(pH 4) (4 X 50 ml aliquots). 

The resulting particles of composite material 
were stored at 40*C in a sealed container in 
buffer (having a composition of the last wash) 

1 30 through which nitrogen had been bubbled for 
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0.5 hr. 

The particles of composite material were 
found to be useful in the preparation of a 
radioactive gold isotope, by holding a mercury 
5 "parent" isotope on the particles of composite 
material and eluting the gold "daughter" iso- 
tope product by suitable reagents. 

CLAIMS 

10 1 . A composite material having thiol 
groups comprising a rigid support material 
having thiol groups. 

2. A composite material as claimed in 
Claim 1 wherein the composite material hav- 

1 5 ing thiol groups comprises a material having 
thiol groups retained within the pore structure 
of a porous rigid support material. 

3. A composite material as claimed in 
Claim 2 wherein the material having thiol 

20 groups is, or is part of, a deformable gel and 
the composite material comprises the defor- 
mable gel retained within the pore structure of 
a porous rigid support material. 

4. A composite material as claimed in 
25 Claim 2 or Claim 3 wherein the deformable 

gel includes an organic polymeric material. 

5. A composite material as claimed in 
Claim 4 wherein the organic polymeric ma- 
terial is a polyol. 

30 6. A composite material as claimed in 
Claim 1 wherein the deformable gel is a 
polyvinyl alcohol gel or a polysaccharide gel. 

7. A composite material as claimed in 
Claim 6 wherein the gel is an agarose gel or a 

35 cellulose gel. 

8. A composite material as claimed in any 
one of Claims 2 to 7 wherein thiol groups are 
attached to a deformable gel by a short me- 
thylene chain. 

40 9. A composite material as claimed in any 
of Claims 1 to 7 wherein the porous rigid 
support material is in the form of discrete 
porous particles. 

10. A composite material as claimed in 
45 Claim 9 wherein the porous rigid support 

material is in the form of discrete porous 
particles having interconnected porosity. 

11. A composite material as claimed in 
any one of the preceding claims wherein the 

50 rigid support material comprises discrete po- 
rous particles of Ti0 2 , of Al 2 0, or of a natural 
earth. 

12. A method for preparing a composite 
material of a deformable gel having thiol 

55 groups retained within the pore structure of a 
porous rigid support material comprising intro- 
ducing a precursor for the gel into the pore 
structure of a porous rigid support material 
and treating the precurose to form and retain 

60 the deformable gel in the pore structure. 

13. A method as claimed in Claim 1 2 for 
preparing a composite material of a deforma- 
ble gel having thiol groups retained within the 
pore structure of a porous rigid support ma- 

65 terial, which method includes the steps of 



treating an inactive deformable gel (as herein- 
before defined) retained within the pore struc- 
ture of a porous rigid support material to 
provide the inactive deformable gel with thiol 

70 groups. 

14. A method as claimed in Claim 1 3 
wherein a precursor for an inactive deformable 
gel is introduced into the pore structure of the 
porous rigid support material in solution, the 

75 solution in the support material is subse- 
quently treated with a precipitating agent to 
cause precipitation of a ge! from the precursor 
solution, and the gel is subsequently treated 
to provide thiol groups. 

80 15. A method as claimed in Claim 14 
wherein precipitation is effected by the re- 
generation of cellulose or cellulosic ton ex- 
changer from a solution of the corresponding 
xanthate or by precipitation of acidic polysac- 

85 charides with acid or calcium salts. 

16. A method as claimed in Claim 1 3 
wherein a precursor for an inactive deformable 
gel is introduced into the pore structure of the 
. porous rigid support material in solution, the 

90 solution in the support material is subse- 
quently cooled to cause gelation and forma- 
tion of a gel from the precursor solution, and 
the gel subsequently treated to provide thiol 
groups. 

95 17. A method as claimed in claim 12 or 
1 3 wherein a precursor is introduced into the 
pore structure of the porous rigid support 
material and subsequently polymerised to 
form a polymer gel in the pore structure. 

100 18. A method as claimed in Claim 12 or 
1 3 wherein cross-linking of a precursor is 
used to form a gel. 

19. A method as claimed in Claim 12 or 
Claim 1 3 wherein a precursor for a gel is 

105 inroduced to a porous support material, the 
precursor is temporarily retained on the sup- 
port material by precipitation and subse- 
quently treated to effect cross-linking of the 
precursor. 

110 20. A method as claimed in Claim 1 9 
wherein the precursor for a gel is a DEAE- 
dextran, a polysaccharide, or a neutral polyol. 

21 . A method as claimed in Claim 1 9 
where the precursor for the gel is dextran 

115 sulphate, CMC-cellulose, acrylamide, agarose 
or polyvinyl alcohol. 

22. A method as claimed in any one of 
Claims 19 to 21 wherein a cross-linking agent 
is used to effect cross-linking and said cross- 

1 20 linking agent comprises epichlorohydrin, a bis- 
epoxide, a dihalo compound or a dialdehyde. 

23. A process as claimed in any one of 
Claims 1 3 to 22 wherein a agarose gel is 
formed within the pores of a porous rigid 

125 support material, hydroxyl groups are derivi- 
tised, sodium thiosulphate is used to give S- 
alkyl thiosulphate and drthiothreitoi is used to 
give thiopropyl agarose in the pores of the 
support material. 

1 30 24. A process as claimed in any one of 
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Claims 1 3 to 22 wherein a polysaccharide gel 
is formed in the pores of a porous rigid 
support material and thiol groups are attached 
by cyanogen bromide activation of the gel 
5 followed by attachment of a multifunctional 
compound containing a thiol ligand. 

25. A process as claimed in Claim 1 2 
wherein a synthetic thiol polymer is synthe- 
stsed directly in the pores of a porous rigid 

10 support material. 

26. A process as claimed in Claim 25 
wherein N-acryloyl derivatives of thiol com- 
pounds are polymerised or co-polymerised 
with other acrylates by addition polymerisa- 

1 5 tion to give a gel having thiol groups. 

27. A process as claimed in any one of 
Claims 1 3 to 27 wherein thiol groups are 
directly substituted onto a polymer by reaction 
with hydroidic acid and thiourea and subse- 

20 quent hydrolysis. 

28. A process for preparing a composite 
material having thiol groups wherein thiol 
groups are attached directly to the surface of 
an inorganic support material using a thiolated 

25 derivative of a substituted triethoxysilane. 

29. A method for preparing a composite 
material substantially as hereinbefore de- 
scribed with reference to the Example. 

30. A composite material having thiol 
30 groups whenever prepared by a method as 

claimed in any one of Claims 12 to 29. 

31. A composite material having thiol 
groups obtainable by a method as claimed in 
any one of Claims 12 to 29. 

35 32. A composite material substantially as 
hereinbefore described with reference to the 
Example. 
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